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Synopsis
     In recent times, natural food additives are in great demand due to consumers’ preference and health concerns associated with the use of synthetic additives.  Agricultural and industrial by-products / wastes are interesting sources of natural additives.  By-products of plant food processing represent a major disposal problem for the industry concerned and at the same time, they are also promising sources of food additives, which may be used, because of their desirable functional properties.  A number of by-products have been previously studied as potential source of food additives.  

     In the background of present knowledgebase, a systematic investigation on the chemical as well as bioactivity studies of the volatiles and non-volatile fractions from unconventional parts of Cinnamomum zeylanicum (viz., buds, flowers, fruits, fruit stalks - farm by-products) and spent turmeric oleoresin (industrial by-product) were undertaken and the findings of these studies are presented in Part A and B respectively.

     The objectives of the present investigation in part A for cinnamon unconventional parts were (i) Isolation and identification of volatile oils by GC and GC-MS from the unconventional parts of cinnamon such as buds, flowers, fruits and fruit stalks, (ii) Isolation and identification of the major flavour compound, (iii) Successive extraction of cinnamon fruits with solvents of increasing polarity, (iv) Separation and structure elucidation of bioactive compounds from cinnamon fruits and (v) Antioxidant, antimicrobial and antimutagenic activities of extracts of cinnamon fruits.  Similarly, objectives in part B for spent turmeric oleoresin were (i) Isolation and identification of antibacterial, antifungal, antioxidant and antimutagenic fractions from spent turmeric oleoresin, (ii) Development of a method for the isolation of curcuminoids mixture and individual curcuminoids from spent turmeric oleoresin, (iii) Development of an analytical method for the determination of curcumin, demethoxycurcumin and bisdemethoxycurcumin from different varieties of turmeric rhizomes and (iv) Antioxidant activity of curcumin, demethoxycurcumin and bisdemethoxycurcumin.

PART – A
Studies on the Unconventional Parts of Cinnamon

     A brief introduction is presented on the isolation and identification of natural products.  It describes isolation procedures of volatiles and non-volatiles by different methods.  Chromatographic techniques for separation of individual components and their structure determination techniques using different spectroscopic techniques have also been discussed.  The review of literature covers aspects relating to the chemical composition and bioactivities of Cinnamomum zeylanicum (C. zeylanicum) as well as scope of further research and the protocol of the work. Besides, the general pathways of biogenesis leading to the volatile aromatic compounds with reference to mono and sesquiterpenoids and their oxygenated compounds and other selected components present in the cinnamon volatile oils have also been discussed. The results of the present study on unconventional parts of cinnamon are presented in the following paragraphs:

     The hydro-distilled volatile oil of the C. zeylanicum buds was analysed using GC and GC-MS for the first time.  Thirty-four compounds representing  98% of the oil were characterized.  It consisted of terpene hydrocarbons (78.0%) and oxygenated terpenoids (9.0%).  α-Bergamotene (27.4%) and α-copaene (23.1%) were found to be the major compounds.

     The hydro-distilled volatile oil of cinnamon flowers was analysed by GC and GC-MS for the first time.  It consisted of 23% hydrocarbons and 74% oxygenated compounds.  A total of twenty-six compounds constituting  97% of the oil were characterized.  (E)-Cinnamyl acetate (41.9%), trans--bergamotene (7.9%) and caryophyllene oxide (7.2%) were found to be the major compounds.
     The hydro-distilled volatile oil of the C. zeylanicum fruits grown in Karnataka and Kerala were analysed using GC and GC-MS.  It consisted of hydrocarbons (32.8% and 20.8%) and oxygenated compounds (63.7% and 73.4%).  Thirty-four compounds representing more than 94% of the oil were identified.  (E)-Cinnamyl acetate and -caryophyllene were found to be the major compounds. This is the first report on the chemical composition of the volatile oil of fruits of C. zeylanicum.

     The hydro-distilled volatile oil from cinnamon fruit stalks was analysed using GC and GC-MS.  It consisted of 44.7% hydrocarbons and 52.6% oxygenated compounds.  Twenty-seven compounds constituting  95.9% of the volatile oil were characterized.  (E)-Cinnamyl acetate (36.59%) and caryophyllene (22.4%) are found to be the major compounds. 

     The findings obtained from the comparison of the chemical composition of the volatile oils obtained from different parts (viz., buds, flowers, fruits and fruit stalks) of C. zeylanicum revealed, that seven volatile compounds were common in all the four parts of C. zeylanicum volatile oils. 

     The major compound viz., (E)-cinnamyl acetate from volatile oil of C. zeylanicum was isolated and identified.  Volatile oil was fractionated using column chromatography to get pure compound.  The structure of the isolated compound was identified on the basis of 1H NMR and Mass spectra.

     Solvent extraction, separation, purification and identification of chemical constituents from cinnamon fruit extracts have been presented.  The cinnamon fruits powder was successively extracted with hexane, benzene, ethyl acetate, acetone, methanol and water.  Water extract was found to possess maximum phenolics and antioxidant activity.  Hence, it was used for fractionation using Diaion HP-20SS, Diaion HP-20, Sephadex LH-20 columns.  After repeated column chromatography, five compounds were isolated and purity was analysed by HPLC.  The purified compounds (1-5) were identified as 3,4-dihydroxybenzoic acid (protocatechuic acid), epicatechin- (2O7, 48)-epicatechin- (48)-epicatechin (cinnamtannin B-1), [2,3-dihydro-3-(hydroxymethyl)-5-(3-hydroxypropyl)-7-(methoxy) benzofuranyl]-2-methoxyphenyl 4’-O--D-glucopyranoside (2S-trans) (Urolignoside), 3-[[6-O--L-rhamnopyranosyl)--D-glucopyranosyl] oxy]-2-(3,4-dihydroxy phenyl)-5,7 dihydroxy-4H-1benzopyran-4-one (rutin) and quercetin-3-O--L-rhamnopyranoside with the help of NMR  (one and two dimensional) and mass spectra. 

     Besides, antioxidant, antibacterial and antimutagenic activites of cinnamon fruit extracts have been presented.  The antioxidant activity of ethyl acetate, acetone, methanol and water extracts along with BHA were screened for antioxidant activity using -carotene-linoleate and 1,1-Diphenyl-2-picrylhydrazyl (DPPH) model systems.  All the extracts showed good antioxidant activity. Hexane, benzene, ethyl acetate, methanol and water extracts were screened for antibacterial activity by pour plate method.  All the extracts showed a broad spectrum of antibacterial activity.  Hexane extract was found to be most effective of all.  Ethyl acetate, methanol and water extracts of cinnamon inhibited the mutagenicity of sodium azide in Salmonella typhimurium (TA-100), which ranged from weak to strong inhibition depending upon the concentration of extract per plate.
PART – B

Studies on Volatile oil and Curcuminoids from Spent Turmeric Oleoresin

     The recent literature on chemistry and biological activities of Curcuma longa have been presented under introduction.  Isolation and identification of antibacterial, antifungal and antioxidant and antimutagenic fractions from volatiles of spent turmeric oleoresin have been presented.

     Curcumin, the yellow colour pigment of turmeric, was produced industrially from turmeric oleoresin.  The mother liquor / spent turmeric oleoresin / curcumin removed turmeric oleoresin (CRTO) after isolation of curcumin from turmeric oleoresin, contained approximately 40% oil.  The CRTO oil was extracted and broadly fractionated into three fractions.  These fractions were tested for antibacterial activity by pour plate method against Bacillus cereus, Bacillus coagulans, Bacillus subtilis, Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa.  Fraction II eluted with 5% ethyl acetate in hexane was found to be most active fraction.  The CRTO oil, fractions I and II were analysed by GC and GC-MS for their chemical composition.  Thirteen chemical constituents were identified.  ar-Turmerone, turmerone and curlone being the major compounds present in these fractions.

     The CRTO oil was subjected to fractional vacuum distillation to get two distillates.  CRTO oil, distillate I and II were tested for antifungal activity against Aspergillus flavus, A. parasiticus, Fusarium moniliforme and Penicillium digitatum by spore germination method.  Distillate II was found to be more active.  Twenty-five chemical constituents from CRTO oil, distillates I and II were identified by GC and GC-MS.  ar- Turmerone (52.6%), turmerone (11.5%) and curlone (8.5%) were major compounds present in the distillate II along with other oxygenated compounds.

     CRTO oil was broadly fractionated using silica gel column chromatography to obtain three fractions and fifteen chemical constituents were identified by GC-MS.  CRTO oil contained ar- turmerone (31.3%), turmerone (15.1%) and curlone (9.7%), whereas fraction III had ar-turmerone (44.5%), curlone (19.2%) and turmerone (10.9%) as the major compounds.  Also, oxygenated compounds were enriched in fraction III.  CRTO oil and its fractions were tested for antioxidant activity and antioxidant capacity, using the -carotene-linoleate model system and the phosphomolybdenum method, respectively.  The fraction III showed maximum antioxidant capacity.  These fractions were also used to determine their protective effect against the mutagenicity of sodium azide by means of the Ames test.  CRTO oil, fractions I and II exhibited good antimutagenicity, of which fraction III was the most effective. 

     Isolation of curcuminoids from CRTO was standardised.  After removal of oil, left over CRTO was extracted with medium polar solvent and the extract was concentrated to 50%.  Curcuminoids were precipitated by adding non-polar solvent.  The purity of isolated curcuminoids mixture was analysed by HPLC.  Curcumin, bisdemethoxycurcumin and demethoxycurcumin were separated by column chromatography, identified from their IR, 1H, 13C NMR and mass spectra.

     An improved HPLC method was developed for the separation and estimation of curcumin, bisdemethoxycurcumin and demethoxycurcumin.  HPLC separation was performed on a C18 column using three solvent system, viz., methanol, 2% acetic acid, and acetonitrile, using detection at 425 nm.  Four different varieties of turmeric were analysed to determine the percentage of three curcuminoids. The quantities of curcumin, demethoxycurcumin, and bisdemethoxycurcumin were found to be 1.06 - 5.65, 0.83 - 3.36 and 0.42 - 2.16%, respectively.  

     Antioxidant activity of curcumin, demethoxycurcumin and bisdemethoxycurcumin were determined by phosphomolybdenum and linoleic acid peroxidation methods.  Antioxidant capacity of curcumin, bisdemethoxycurcumin and demethoxycurcumin were found to be 3144  140, 2744.8  48 and 2864.1  44 mol / g ascorbic acid equivalents, respectively at 50 g/ml concentrations.  The antioxidant activities of the curcumin, bisdemethoxycurcumin and demethoxycurcumin were found to be 81.98, 73.0 and 81.77%, respectively using linoleic acid peroxidation method. 

     The significant findings of the complete study have been presented in a comprehensive way under Summary and Conclusions.




